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OFTHEXII-33KLRHANEINCLUDINGSWTIONS WITH

~ .FMP Atw AIiF&ONS
,.

By Ira Fi.Abbott .

IWMDUCTION

At the requestof the %teriu;.Command,ArmyAir Forces,tests .
were made in the Langieytwo..dtiens:mal tunnelof four modelssub=
mittedby tiieGlennL. Wrtin Companyas intermediatesectionsof the
wing of the D-33 airplane. The mdels were of 24-inchchordand
were constructedof wood with nressure-distributionorifices, The
modelswere identifiedby stationnumbersof 8S3250s430s ~ 620s
raspsctive~y,oi’the wing of the X%33 airplane. This wing is
formedby fairingbetweenan NACA [5,2-222 a = 1 root sectionand
an W.Cf.65,24iL5 a & 0.S tip ~ectjon.

Sectionsnumber85 and &30wererepresentedby stmpleairfoil.’
modelswithoutilaps.

Sectionnuuiher250 wr.svepresenteciby a modelcompletewith
slottedflap. Testson this seotianincluchxlltit,drag,and
pressure+listribution measurementswith variousflap deflection=.
Severalalterationsof the flap and severalalternateflap positions
were testedto obtainimprovedflap charactekistice.“.

Sectionnfiber62011Eu.I&presentedtiJa modelwith alternate
aileronsof the Frise and jnternal-balancetypas. Testsof this.
sectionincludedlift,drag,hinge-momntand pressure-distribution
measurementswith variousdeflectionsof each aileron. The aileron
hingemomentswme obtainedby integrationof pre:suredistributions
overthe ailerons●

.-

Most of the datawere obtahed at a Reynoldsnumberof approxi-
mately6 millionalthoughsomedatawere obtainedat approximately
3 and 10 million. The.largenumberof pressure-distributiondiagrams
obtainedare not pre”sented in this report,
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Lift and dragmeasuxwmentawere madeby the methodsdescribed
in referenco1. The momentcoefficientspresentedwere obtained~
integrationof the diagramsobtainedby plott~~ the pressuresagainst
the projectionof ths otiice locationsoil the chordline. These
mamentcoefficientsaccordinglydo not containthe componentof
monentassociatedwith the chordforce.

Aileronhinge-momentcoefficientswere obtainedfrom prcsmre-
distributionmeasurements.In this casetwo dia~ramswere integrated
to obteineachmomentcoef.ficient~the pressuresbein~dotted,
roqxctivc~v,Wainst the orificepro,joctimson t% referenceline
and on a line perpendicularto the refarenceline, In some cases,
especiallyfor negativedeflectionsof the Fr..seaileron,the orifices
were not locatedmfficicntlycloseto~et.hcrto defineadequatelythe
pressuzwdistributionthus introducinga possibleerrorin the hinge-
mxmnt coefficierrks..

.
1
At the time this reportwas oriCinal-~-mlhlished,SOWEof the

correctionsrequiredfor reducirqthe test titstc ~ree-aircon- .
ditionshad not been detmmhed. The valuesof sectionlift
coefficientc

i
(figs.?.t5 4) for the mclelacorrespondingto

stations85 an &30 shouldbe coricsbedby the equ.sticm

Cz =00965 Cl + 0.007.
(corrected).

The sectionlift cooff-:.cient~of the modolgorrcspondingto
station250 (fits.6 to 3 a.tifigs.lL tc 18) shouldbe coriec%edby
the equation

“c -00565 C@f
, ‘(corrected)- .,

The sectionlift coefficimdxof th.~mmieZcarr’:spqnd?.Wto
station620 (figs.20 to :2 uxi fiis.24 to 26) should be corrected
by the eqmtion

cl 0.965 C3+0.030CZ “ “
(corrected)= do

where c~ is the sectionlift coefficientat an angleof attackof
-o

10.
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. Statio?is 85 and 430.- Lift and drag data obtti for the mxlels

representingwing sectionsat sthtionsB5 and 430 are @resentedin
figures1 to 4. The ltit characteristicsof the twcisectionsare
similaroyceptthat the thinnbroutboardsectionshowsan appreciably
hi&har~-lift coefficientthan the inboardsectionat the
highestReynoldsnunibor(figs.1 and 3). Also presentedin figures
1 and 3 are the momentcoefficientsassociatedwiththe norml-force
coefficicntbsas obtainedfrom pressuredislni~ut.ions.The minimum
drag coefficientsof the two secticns(figs.2 nnd 4) are nearl.ythe
same. Wtside the low4rag rangethe drag coefficientsincrease.
rapidlywith lift coefficient.Recentwcrk (reference2) indicates
“thatsecttms as thicka3 that at station85 are criticalto separation
“when accidentallyroughenedand that such sectic~ may havedrag
coefficientsso high (fig.3 OS reference2) when roughas to seriously
effectflightat cruisinglift coeffic”tc+nts.Thesedate indicatethe
desirabilityof reducingthe thicknc33s rctioof the root 3ection.

Stetion-25%- Tno model ~itic’i representedthe wing sectionut
station250was eqtip~d with a slot~ec!.flap as shomnin figure~.
Tho flap srrqzementwas such as to leavea gap in tho lowersurface
when retracted. Lift and drw characteristicsfor the nodnl“sre
pre~entedin fi~ures6 and 7 for flap deflectionsof ~, 2@~ 30°,
and 40°. For the flap-rstrmteclconditiim,tastswere uadewith the
slot soalodto preventflo~ throug:iit withoutchangein external
ccntcur~

“ The mcximimltit coefficientsi’orflap defSectims of 3@ and
40° were nearlythe s,ame,about2.7 (fig.6). The dragwith the g~
open$flap retracted,was hiqh (fig.7) andthe data showedconsider-
able sc~tterwhich is thoughtto be associatedwith spanwiseflow cf
low+nergy ~ in the gap into or atiayfrom the surveyplane,even
thoughdamswere placedin the gap to preventsuchflow from efiending
veryfar alow~the span. This conditionresultedfi variationof the
measyrecidrdg coefficientsalongthe span. The drag CU.TW? infi@we 7
is dottedto indicatethe estimateddrag coefficients.

.mSeveralalternateflap posltionsmm testedtith the flap
deflected30° to studythe effectof flap positioncm mazbnumltit.
The resultsare presentedin fibgure8. The flapwas mnm-dparallel

.ti perpendicularto the airfoilchordline fromthe originalposition
by amountsshuwnimflgure Clinfractionsof the airfoil.choml.The
best positionmaefoundto be O.(ILCMqher than end O.O@c ed?tof the
originalposition. The maximumltitcoefficientin this position

{
W@S 2-8*

.
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Severalnmdificatlonsof the flap as shomnin figures9 to 13
testedto detemine theireffect.

ConditionA (flg.9) representeda buffer of rubber or other
material hserted in the slot in sucha mhnneras to sealit with
the flap retracted.This modificationcausedlittlechangein lift
characteristics(fig.lb) and smallchangesin drag (fig.7) with
the flap deflected300.

ConditionB (fig.10) representeda.renditionTdth a filler
block to fair out“thesap in the lower surfacewith flap retracted.
This conditionwa3 represe~ted @r fillingthe gap tith modelingclay
with flap retr~ctedand by a properlyshapedpieceof mod with flap
deflected. This condittondid not change-thelift characteristics
with flap retracted(fig.6) and re{ucedthe drag coefficient,flap
retracted,~ aboutO.OCIlin the lcw+ag r-e as comparedwith the
originalcondition,gap openand slot sealed(fig.?). The drag in
this conditionwas practicallythat to be expectedfor the plainair-
foil. The maximumltit,howewr, ~as veq~ low with flap deflected
in this condition(fif.14), indicatingthe need of a door to close-
the gap with this typ of flap.

.

ConditionsC and D (figs,11 and 12) representattemptsto
re<ucethe dx’~-with flap neutrslw:thoutthe use of a door by
reducingthe size of the gap. The resultsshnwecl”that the filler
blocksdid uot reduce~L~ d.mg, Zlap retracted(fig.M), and caused
lossesin maximumMft coefficient(fQ. l-l!).“ .

ComlitionE (fi~.13) was a modification.of thn slot entryby
cuttingit back to s.?.?a~lc of 53° from the chordlinewith no radius
at the intersectionwith the lower surface. ConditionF was the sam
as ConditionE with the additionof a shuttersuchas mightbo used
to revolveand closethe gap with the flap retracted. ThesemodMi-
cationswore testedwith the flap deflected3@ in the position
previouslyfoundto be best (fiE.8). The ljft characteristics
obtainedare shownin figure16. The maximumltit obtainedwith
eithermodificationwas aboutthe saumas for the originalcondition
with the flap in the best position(fig.8). The drag characteristics
of ConditionE, with flap deflected3@y am eimilarto thosefor
the originalcondition(figs.? and 17), but the additionof the
shutter(ConditionF) cauasdan appreciableincreasein drag at iift
coefficj.mtsbelowabout1.7 (fi~.17). The scaleeffectson the
lift characteristicswith flap retractedand dtilected3@ in the
originalcondition,but in the best positionfound,are shownby the
ltit curvesof figure18. The mxximuml~t coefficient,flap deflem
increasedfrom about2.0 to 2.9 with an increaseh Reynoldsnumber
from about6 to 10 millionq
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StatIon 620.-The mdel representingstation620WSS fittedwith
two.a erom, one of whichwas of the Friset~ (fig.19), lMt
and drag characteristicsof this madelwith variousdeflectionsof the
Frise”a516ronezw presentedin figures20 @ 21. Hinge monwnts
obt&inedfrom pressure-distributionnma~ nts and crossplotsof “
lift coefficientsagainstailerondeflectionat variousanglesof
attack-,we shownin fi&re 22. Completehinge+nomentcoefficient
curveswere obtainedonly at a@es of attackof 2.2°and 1405°.
The acoura~ of the”Mnge-mmmnk. coefficientsis somwhat doubtf~,
especiallyfor negativeailerondeflections,b~causethe aileron
containedtoo few pressureorificesto adequatelydescrib the pressure
distributions. .

The otheraileron-s -: tfieinterqel-balsncetype (fig.23),
and data similarto that obtainedfor the Friseaileronwere originally
obtained.beforetest of the rrise aileron. The modelwas laterre-
assembledwith the intmmsl+alance aileronaml retestedto obtain
the more nearlycompletedata presentedin figures24 to 26. The
accuracyof the hinge+mxnsntdata for this ailei’onis believedto be
betterthanfor the Friseaileronbecausethe pressuredistributions
were better describedby the p=ssure or.tiices.

The hinge-ummentcoefficientsprese,%etifor the internal+alance
aileroncontainan estimateof the balancingmment resultingfrom
the seal or curtain. This Znonentv-s assuredto he equalto that
reeultingfrom the applicationsof a forceat the pOiIltof attaclummt
of the curtainto the ai~?ron. This forcewas as~qrstito act at an
~ of 0.5@A (fig.23),and tO bO OqUSlto .

. #3cA
—Ap
2

.

where Ap was the pressuredifferenceacrossthe seal.(fig.23).

The two aileronsare of aboutequaleffectiveness(figs.20, 22,
24, and 26). The shiftof the ldft curvefor the internal+xahnce
tieron as comparedwith the Frisesileron(figs,20 and 2h) is
ascribedto warpageof the modelWore the retestof tha internal-
balanceaileron. The firsttestswith this ailerondid not showsuch
a shift. It is thoughtthkt generalconclusions,with respectto -
hingemcumts and effectiveness,are not seriouslyeffectedby this
c-e in the model.

The drag coefficientsfor the Friseaileronare aboutl~rcent
higherthan for the internal-balanceaileron in the low+iragrange,
aileronneutral(figs.21 ad 25).

---- -.. — .
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● The hinge+mxnentcoefficientsfor ths F.rlse”~leron(fig. 22)
showthe t~ical temlencyto overbalancefor ne~ativedeflections.
and ratherlargeunbalancingmomentsfor positivedeflections.The
hinge+nment coefficientsfor the Mernal-balance aileron(fig.26)
are gencre.12ySmallerthanfor the Friso-aileronand show a slight
tnndmcy to overbalancefqr certaincombinationsof aileron
deff~ectiontad angleof attack. The rete of changeof hinge~rmmt
coefficientswith anQe of attackia smallerfor the internal~tice
aileronth,anfor tha Friseafleron.

Lmgley NemcrialJ.eronauticalLahoratorg,
National1dviso~ Committeefor Aeronautics,

IangleyField,Va., Juneh, 1942.
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